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Abstract 
 
This paper deals with some selected problems of anchoring systems with the steel mechanical expansion anchors 
to concrete and it is based on experimental research oriented to these elements under repeated tensile loading in particular. 
For this non-monotonic kind of loading there are no values of carrying-capacities determined yet. But, there is a possibility 
to use the cyclic loading force during the tests and after that to compare the values of resistances to theoretical values for 
static loading. Thus, here are presented some results of this research, which was especially focused on actual behavior and 
load-carrying capacity determination of these members. 
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1. Introduction 
There exist many types of post-installed members to concrete in the field of steel-to-concrete fastening [1]. 
These parts of structures are already sufficiently described in the event of their failure modes and bearing 
capacities for static (monotonic) tensile load. But for the cyclic (repeated) tension force they aren’t known any 
formulas in normative codes or in technical literature yet. Only some anchor producers show in their catalogue 
specifications and capacities for this type of loading, but they are usually quite conservative. So that one of the 
possibilities how to obtain the load-carrying capacity for the cyclic loading they can be the experiments 
of these anchorage elements with using of repeated tensile force. During them they can be observed and 
recorded their behaviour and resistance (for adequate failure modes) and then compared with static load-
carrying capacity values. Thus, on the base of this comparison they can be found their relations and also it can 
be defined cyclic bearing capacities depending on static values. 
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This paper brings information about some problems of experimental research in the event of behaviour and 
ultimate capacity determination for one of the most used types of these anchorage elements – torque controlled 
steel mechanical expansion anchors to concrete, in case they are exposed to cyclic tensile loading. First 
it describes some basic principles of these anchors behaviour during the tensile loading and then it describes 
experiments with anchors of selected geometrical parameters, which were done on several series of specimens 
with different strength of concrete [2] in authors’ workplace, Institute of metal and timber structures. During 
these experiments the cyclic tensile force of selected amplitudes 'N between minimum and maximum force 
was used and they were modes of failure and counts of cycles recorded. Especially, the attention here is paid 
to one of the measured parameters, namely the displacement of the anchor, which has immediate influence 
on its behaviour as well as on evaluation of test results. 
 
Nomenclature 
hef  the effective depth of the anchor 
ncycl the number of loading cycles with tensile force 
ptot the total displacement of anchor 
'N the amplitude of tensile forces (i.e. between minimum Nmin and maximum force Nmax) 
2. Basic principles of behaviour of the mechanical anchors to concrete under tension force 
The post-installed steel mechanical expansion anchors are used first of all because of two their properties. 
The first it is the speed of installation and then it is the possibility of immediate loading introduction. They 
have also one main disadvantage, which is the concentration of stress near the anchor expansion part (it means 
the non-uniform loading transfer during the tension loading). That’s why they better shouldn’t be used in case 
of group of anchors with small distances between them as well as in case of usage near the edge of concrete 
element. However, they still are very suitable because of the advantages mentioned above. 
2.1. Modes of failure 
Two most frequent failure modes exist in case of these fasteners under tension loading. One of them it is the 
steel-bolt failure (i.e. the failure of steel). The second it is the so-called concrete-cone failure (see Fig. 1), 
it means the failure of concrete. They are known also some different modes of failure like total pull-up 
of anchor out of the concrete or the partial pull-up with small concrete-cone failure. These other types are not 
so frequent and they are usually related to some reasons like bad anchorage parameters, bad quality of material 
or wrong assembling. 
2.2. Load-carrying capacity in case of monotonic tension loading 
In the field of the load-carrying capacity determination, they are several important material and geometric 
properties for both basic failures. In case of steel-bolt failure the capacity is based on fundamental formula 
of multiplication of the tensile stress area As (depends on bolt diameter) and ultimate strength of anchor bolt fub. 
In the event of concrete-cone failure several methods for determination of the load-carrying capacity exist. 
Every of them are based on basic relation of concrete tension capacity; it means the load-carrying capacity can 
be found as multiplication of the concrete strength and active cross-section area. The most widely used 
methods are Concrete-Cone Method and Concrete-Capacity Method. For both of them it has to be known the 
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compressive cone or cylindrical strength and next the important parameter is the effective anchorage depth hef, 
which has directly influence on the capacity from the viewpoint of concrete failure. All the basic formulae for 
both methods are given e.g. in [3], [4], [5]. Some methods use also the anchor shell diameter D, see Fig. 1. 
D
hef
d
 
Fig. 1. Geometric parameters of steel expansion anchor 
2.3. Load-carrying capacity in case of repeated tension loading 
As mentioned above, in the field of expansion anchors to concrete under cyclic tension loading the load-
carrying capacities in the event of their failure modes are not sufficiently described. However, they can 
be related to the static load-carrying capacity, by the help of loading tests with tensile cyclic force, it means 
as the relation of the cyclic force amplitude 'N (between minimum and maximum force during the tests) to the 
value of static load-carrying capacity in dependence of total loading cycles number in the moment of failure. 
All these values can be recorded during the experiments. Some particular information about this procedure 
is written in [6]. 
3. The realization of experiments with cyclic tension force 
Recently, they were finished experiments using the cyclic tension force on six series (S1 to S6) of concrete 
specimens. The steel expansion anchors of WH-KOTE and Fischer of 8 – 16 mm diameter of steel-bolt were 
used for the testing. The tensile strength of steel was 800 MPa. As the concrete specimens they were the blocks 
of dimensions 600 x 500 x 300 mm with various compressive cube strengths of class C 12/15 to C 30/37 used. 
The total number of specimens was 64. Exact measured values of concrete compressive cube strengths see 
in Tab. 1 (they all were tested on 150 x 150 x 150 mm cubes). The total number of experiments using repeated 
force was 255. In 156 cases from that it was occurred the steel-bolt failure, then in 72 cases it was occurred 
concrete-cone failure (including cases with small cone failure in the event of partial pull-up of the anchor). 
Once, it was occurred the total pull-up and one case was without any failure. They were also 25 cases with 
useless results (most often because the failure was happened immediately when the loading starts). 
Table 1. The summary of specimen series 
Series of specimens Compressive cube strength fc,cube (MPa) Number of specimens 
S1 27,60 11 
S2 47,63 18 
S3 20,86 7 
S4 36,90 10 
S5 32,22 10 
S6 26,95 9 
443 M. Štrba and M. Karmazínová /  Procedia Engineering  40 ( 2012 )  440 – 444 
The test results of relation between number of cycles of loading ncycl and amplitude of tension force 'Ntest 
for the both main modes of failure are shown in Fig. 2. Evidently, there is bigger variability of results in case 
of concrete failure. Into these results they were added also results from previous pilot tests, see [7]. 
  
Fig. 2. (a) Test results in case of steel-bolt failure; (b) test results in case of concrete-cone failure 
For all these results they were used the statistic and probabilistic methods, especially the design assisted 
by testing given in [8], to derive the relation between static to cyclic load-carrying capacity ratio and total 
number of cycles for relevant failure mode. They were also found the borders between failure modes for the 
possibility of reliable and economic design according to selected anchorage parameters, see [6]. 
3.1. Influence of the displacement of the anchor on test results 
As mentioned above, one of the important parameters during the experiments with cyclic tension force 
it was the effective anchorage depth hef. This value was selected before testing as 55 – 100 mm, but there was 
also total displacement of the anchor ptot occurred during the testing, whereas this value consists of two parts: 
displacement of the bolt pb and displacement of the expansion sleeve of anchor ps. The illustration of this effect 
shows Fig. 3 and the meaning of it can be written as, 
satot ppp   (1) 
N
N
h ef
N
h ef
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h efh ef
pa pa
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Fig. 3. Defining of total displacement of the anchor (with its parts – displacement of the bolt and shell) 
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The typical course of start-up phase of expansion anchor loading using tension cyclic force as well as one 
example of recording and measuring of total value of anchor displacement shows Fig. 4. 
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Fig. 4. (a) The example of displacement course in start-up phase of loading; (b) the example of displacement curve in one of the tests 
4. Conclusions 
The size of displacement ptot can have influence on the effective anchorage depth; that means if there 
is some ptot, the effective depth as well as the load-carrying capacity can be smaller in case of concrete-cone 
failure. But, there is a question, how big are both partial parts pb and ps and how big theirs influence is. Hence, 
they were measured these values during experiments. Then it was realized that the size of pb usually had value 
about 1 – 2 mm maximum and occurred immediately in the beginning of testing. Because of that this value had 
insignificant influence and it wasn’t used during the test results evaluation. On the contrary, the displacement 
of the expansion sleeve ps had direct influence on effective depth hef and also it was in some cases even bigger 
than 5 mm. Therefore these values were used in process of test results evaluation and load-carrying capacity 
determination for effective design of anchorage parameters, see [6]. 
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